Article deals with the problem of technology selection for construction project. Three criteria were proposed: cost, time and technological complexity. To solve the problem, fuzzy preference relations were used. Authors present an algorithm supporting multi-criteria decision-making process. The algorithm creates fuzzy preference relations on the basis of the fuzzy comparison: "xi is better than xj". Then, with the use of criteria weights it creates general fuzzy preference relation, finds all non-dominated (admissible) alternatives and the best one among them. The algorithm consists of 7 steps. Authors show application of the proposed algorithm -example calculations.
INTRODUCTION
Selection of technology for a construction project is made at the design stage of the project.
Developed design solution essentially represent the technology for the object implementation. This information is included, to a large extent, in the technical description of construction object. Yet, it is known, that economic efficiency, and qualitative and quantitative indicators, for both designed and implemented objects, are determined under the assumption, that an appropriate technology for 1 PhD., Eng., Warsaw University of Technology, Faculty of Civil Engineering, Al. Armii Ludowej 16, 00-637 Warsaw, Poland, e-mail: n.ibadov@il.pw.edu.pl 2 MSc., Eng., Warsaw University of Technology, Faculty of Civil Engineering, Al. Armii Ludowej 16, 00-637 Warsaw, Poland, e-mail: j.roslon@il.pw.edu.pl conduction of construction works (processes) was selected. In the construction industry, the technology is selected mostly on the basis of experience, intuition, or current "construction trends"
(if the client does not dictate a specific type of technology).
In order to achieve reasonable and acceptable technical and economic indicators, the right technology should be selected at the design stage of the project. The technology should be chosen from existing alternatives, available on the market. This requires the selection of appropriate evaluation criteria, specifying the characteristics of the technology [9] . Criteria are then used to preform comparison analysis (evaluation) of alternative technological solutions in order to select the most optimal variant for construction works. In practice, the selection is limited to time and cost criteria. In such case, the optimal technological solution will be characterized by the best cost and/or time indicator.
However, technological processes typically vary in terms of complexity. The complexity may require entrusting execution of works to specialized working brigades supplied with the appropriate equipment. The level of technological complexity may cause additional interference factors in terms of synchronizing tasks, hinder smooth organization of works, etc. This may cause the delays in the planned execution times of individual tasks and increase production costs [5] , [15] .
Because of that, according to the authors, it is reasonable to take into account (in addition to the time-cost characteristics of the considered technologies) additional criteria that will take into account the priorities and specifics of the decision situation. We propose general criterion:
technological complexity. Depending on the decision-making situation, it should cover both technical and market specific aspects of assessed technologies, namely: the difficulty level of preformed works, availability of the materials, availability of qualified workers, availability of necessary machinery and equipment, the level of organizational difficulties, etc.
Using multiple criteria during comparison of alternatives, hinders selection of the objectively optimal solution [2] . In such case it is wise to use one of many available methods supporting decision-making [12] , [13] , [14] . However, no matter which method is used, the decision-maker has to determine which variant is "better" or "worse" in accordance to established criteria. The traditional way to describe such situation is:
, where R is a partial order relation, defined on the elements of the set of compared variants (alternatives) X [8] . It is worth to note, that term "better" and associated with it relations can be defined in many ways. Authors propose to use fuzzy relations, as this linguistic term and quality criteria (in our case the criterion of "technological complexity") are inherently fuzzy concepts.
FUNDAMENTAL CONCEPTS OF THE FUZZY SETS THEORY
The concept of a fuzzy set was introduced by L.A. Zadeh [18] , as generalization of the conventional or nonfuzzy set concept.. A fuzzy set A in a non-empty space X is a set of pairs [1] : Depending on the value of the membership degree, one can distinguish three cases:
means that element x is partially included (fuzzy member) in fuzzy set A. Figure 1 shows the typical L, t and γ class membership functions [4] , [7] . or standard intersection () and standard union () of fuzzy sets A and B, can be displayed in the following manner [11] , [17] , [18] :
A very important feature of fuzzy sets is that they can be used for modelling certain imprecise characteristics with the use of linguistic variables, basing on the expert experience [2] , [3] , [6] , [10] .
Suppose that the expert determines the unit cost of implementing a work with the use of particular technology, with notions as: "low cost", "average cost" and "high cost". The minimum costs is 3000PLN / m2 and the maximum 5000PLN / m2. The formalization of such a description can be carried out using a linguistic variable characterized by <N, T, X, G, M> data set, where:
N -linguistic variable name, the unit cost for task;
T -terms (sets) -{"low cost", "average cost", "high cost"} -representing a range of meanings for fuzzy variable on universe X; X = [3000, 5000] -universe, which is a set of alternate unit costs; G -syntactic procedure that allows to operate on a terms T, in particular, to generate new terms (meanings). In other words, this is a procedure used for creation of new terms with the use of conjunctions ("and", "or") and modifiers ("very", "more or less", "approximately", etc.). For example: "low or medium cost", "very high cost" and so on; M -semantic procedure, which enables one to transform any new value of the linguistic variable created by the G procedure into fuzzy variable, namely establish an appropriate fuzzy set. In other words, this is a procedure that allows to create within universe X fuzzy subsets А1 = "low cost", А2
= "medium cost", А3 = "high cost", and the fuzzy sets for G (T) terms, according to the rules of fuzzy conjunctions and modifiers transmission. Sets A1, A2, A3 can be described with the use of functions shown in figure 1.
In addition to the considered above base values of linguistic variable Т = {"low cost", "medium cost", "high cost"} depending on the field of X other values are also possible. In our case linguistic variable "performance cost" values may be defined as fuzzy numbers, for example " approximately 3000zł", or "approximately 4000zł".
The concept of fuzzy relations allows to assign a degree of a membership to compared elements of a set. The degree defines the relationship (the strength of relation) between them. The a fuzzy relation is a fuzzy set defined on the Cartesian product of crisp sets. A fuzzy relation R(x, y) for two crisp sets X and Y can be represented as a set of ordered pairs [16] :
Thus, a degree of membership is assigned to each pair of elements, defining the relationship between them. If the sets X and Y consist of a finite number of elements, fuzzy relationship may be depicted as a matrix [8] :
The binary relations may be defined not only on the two sets X and Y but also on a single set X. For example, if for a pair (xi, xj) from set X we have (xi, xj) ϵ R, we say that there is a relation R for the pair (xi, xj). It is presumed for the fuzzy preference relations that they comply with the conditions of transitivity, consistency and reflexivity, as well as, with other characteristics associated with these conditions and all the operations carried out on fuzzy sets. Let us present only a few selected basic concepts.
Fuzzy relationship is transitive if [16] :
Transitivity is one of the basic features of rational preference relation. A fuzzy binary relation R is symmetric, if for any 
Fuzzy preference relation allows for alternatives preferability comparison. If on the set of alternatives, there is established a fuzzy preference relation R, than during process of decision making, it is determined which of the alternatives is best, from decision maker's point of view.
Such alternatives are being called: non-dominated (admissible).
If we define the set of alternatives by X and its fuzzy preference relations' membership functions by R P , than fuzzy subset of non-dominated alternatives for set (X, R P ) can be described by following membership function [16] :
Using the above presented formulas and operations on fuzzy sets, one can solve the task of selecting the technology for construction works and create a preference hierarchy of alternatives, taking into account multiple evaluation criteria.
ALGORITHM FOR SOLVING THE TASK OF TECHNOLOGY VARIANT

SELECTION -DESCRIPTION
Let us assume, that on the set of alternatives (construction works technologies) . It is a n n u matrix, which elements ) , ( 
This function hierarchize alternatives in accordance to their degree of admissibility. 
Find intersection of membership functions
P P
The application of the presented algorithm is shown in the following chapter.
ALGORITHM -EXAMPLE OF APPLICATION
Construction company needs to select technology of basic works for a construction project. There is a set of possible technologies -alternatives: X= (x1, x2, … , xn) . The company assess them on the base of following criteria: K1 -cost, K2 -duration (time), K3 -technological complexity.
Let us assume that all criteria are presented by adequate fuzzy sets (for example: technological complexity = {low, medium, high}) and described by membership functions as in Eq. (2.2), (2.3) and (2.4). According to the expert assessment, on the base of used criteria following preference relations are created on the set of alternative technologies X: 
P
Taking into account criteria weights, we create a n n u matrix for fuzzy relation P2: 
CONCLUSIONS
Construction projects require series of work processes that differ in terms of technology and management. There are also many assessment criteria for evaluation of these projects. However, choice of technology, to a large extent, affect the construction process organization, which has a significant impact on the duration and direct cost of the project. Therefore, it seems reasonable to adapt criteria different from cost and time -technological complexity of construction works. At the design stage of the construction project, such criterion allows for consideration of uncertainty of the possible threats that may occur during construction works. This uncertainty does not have a stochastic character. Therefore, using fuzzy set theory is a good way to solve this problem.
Another advantage of the proposed algorithm is that at the design stage, due to the high uncertainty level, the decision-maker may not have well-defined preferences. In such case use of fuzzy preference relation allows for a better way of formalizing and describing the decision-making situation.
The proposed method allows for selection of the most rational variant for construction works, taking into account predefined criteria and their weights. At the same time, on the basis of admissibility of the alternatives, method enables creation of preferences, which shows how strongly the other variants differ from each other. This fact can be very helpful, when for any reason one has to choose the second best option. In the presented example the best technology variant was x1, followed by alternative x3. 6. Znajdujemy przecięcie funkcji przynależności.
WYBÓR WARIANTU TECHNOLOGICZNEGO REALIZACJI PROCESÓW BUDOWLANYCH Z ZASTOSOWANIEM ROZMYTEJ RELACJI PREFERENCJI
7. Dokonujemy wyboru najlepszej alternatywy (najbardziej racjonalnej według przyjętej zasady oceny i ważności kryteriów).
Artykuł zawiera szczegółowy opis algorytmu, wraz z zapisem matematycznym oraz przykładem obliczeniowym.
W opisanym przykładzie firma budowlana potrzebuje wybrać technologie realizacji podstawowych robót budowlanych.
Stosuje przy tym następujące kryteria:
-K1-kryterium kosztu wykonania w technologii xi w przeliczeniu na jednostkową ilość roboty;
-K2-czas trwania (pracochłonność) wykonania robót w technologii xi jednostkowej ilości robót;
-K3-złożoność technologiczna realizacji robót w wybranej technologii xi .
Wszystkie kryteria są przedstawione odpowiednim zbiorem rozmytym (na przykład: złożoność technologiczna={niska, średnia, wysoka}) i opisane odpowiednią funkcja przynależności.
Zastosowanie zaproponowanego algorytmu pozwala na w mniejszym lub większym stopniu uwzględnienie niepewności istniejącej na etapie projektowania co do zakresu ewentualnych zagrożeń w procesie realizacji danej roboty. Z kolei niepewność ta nie ma stochastycznego charakteru. Dlatego też zastosowanie elementów teorii zbiorów rozmytych jest dobrym sposobem rozwiązania tego problemu.
Kolejnym istotnym elementem jest to, że na etapie projektowania z uwagi na dużą niepewność, decydent może nie mieć ściśle określonych preferencji. W takiej sytuacji, zastosowanie rozmytej relacji preferencji do wyboru wariantów jest lepszym sposobem pozwalającym sformalizować i opisać sytuację decyzyjną.
Proponowana w artykule metoda pozwala na wybór najbardziej racjonalnego wariantu wykonania robót (procesów) budowlanych przy ustalonych rodzajach i wagach kryteriów oceny. Metoda ta jednocześnie pozwala stworzyć preferencje na podstawie stopnia niezdominowalności wariantów, co ilustruje jak silnie kolejne warianty różnią się od siebie. Ma to duże znaczenie w przypadku konieczności wyboru następnego wariantu.
